In this paper, we address the disturbance attenuation problem for a class of state delay switched linear systems with exponential uncertainties via switched state feedback and switched dynamic output feedback, respectively. By using Taylor series approximation and convex polytope technique, exponentially uncertain switched linear systems with state delay is transformed into an equivalent switched polytopic model with additive norm bounded uncertainty. For such equivalent switched model, we design its switching strategy and associated state feedback subcontrollers or dynamic output feedback sub-controllers so that whole switched model is asymptotical stabilization with H  disturbance attenuation based on multiple Lyapunov function technology and LMI approach.
Introduction
As we know, state delay is always in practical control system due to the action speed limitation of mechanism and electronics. Such as paper-making process, chemical process, long transmission lines in pneumatic systems and communication channels, etc. On the one hand, the phenomenon of state delay is commonly the source of instability and bad-performance in practical; on the other hand, due to the state delay, it is getting more difficult and complex to control such systems effectively. Hence, analysis and synthesis system with state delay is always the hot spot issues of research field in the control theory and control engineering. In recent decade, the linear systems with state delay have been extensively investigated [1] [2] [3] . However, so far there have been few results for switched linear systems with state delay. [4, 5] studied the controllability of switched linear systems with state delay and discrete-time switched linear systems with state delay, respectively. [6] considered the stabilization of switched linear systems with state delay based on convex combination technique. [7] addressed the method of delay-dependent robust H-infinity control for a class of uncertain switched systems with state delay, however, in this case, the condition of matrix inequality is not linear matrix inequality, its solving have to make use of iterative method or enforced constraint. Besides, [8] [9] [10] studied the stability and stabilization for a class of switched linear systems with state delay.
In order to design a computer based control for switched linear system (whose coefficient matrix is M  and N  ), L. Hetel, et al., [11, 12] show that sampled model of system is derived and discrete time control methods are applied. Under the case that sampling and actuation are periodic and synchronous with the periodicity, the coefficient matrix of the sampled model is given by H  disturbance attenuation level for all admissible uncertainties. Firstly, we show that exponentially uncertain switched system with state delay is transformed into an equivalent polytopic model with an additive norm bounded uncertainty based on Taylor series approximation and convex polytope technique. And then, by taking advantage of multiple Lyapunov function technology and LMI approach, the robust H  disturbance attenuation property of such equivalent switched model is investigated via switched state feedback and switched dynamic output feedback, respectively.
The remainder of this paper is organized as follows: The problem statement and some preliminaries are described in Section 2, while in Section 3 the asymptotical stabilization with H  disturbance attenuation for exponentially uncertain switched linear system with state delay is investigated via switched state feedback. In Section 4, we discuss the asymptotical stabilization with H  disturbance attenuation for a class of state delay switched linear systems subject to exponential uncertainties via switched dynamic output feedback. Two numerical examples are presented in Section 5 to illustrate our results. Finally, some conclusions are drawn in Section 6.
Problem Statements and Some Lemmas
In this paper, based on multiple Lyapunov function technology and LMI approach, we investigate the asymptotical stabilization with H  disturbance attenuation for the exponentially uncertain state delay switched linear systems (1) and (2) via switched state feedback and switched dynamic output feedback, respectively.
where n x  ¡ is the system state; ) so that the state delay switched linear system (1) ( or the state delay switched linear system (2) ) satisfies: a) With zero disturbance input condition 0   , it is asymptotically stable for all admissible uncertainties. b) With initial condition ( ) 0 ,
   and all admissible uncertainties. Now, we introduce some support lemmas and the concept of switching sequence, which can be use in the later. 
The relation between the uncertain parameter  and   j  is given by are satisfied   1   2  2  2   2  3  2  3  2  3 0, 
Robust H  Control via Switched State Feedback
In this section, the robust H  problem of state delay switched linear system (1) is investigated via switched state feedback. Before the design of switched stabilization controller, we firstly show how the system (1) can be expressed as a switched polytopic system with an additive norm bounded uncertainty. Such a formulation makes the robust stabilization problem tractable.
According to the Lemma 2.1 and the properties of exponential matrix,
The following Lemma is obvious.
Lemma 3.1:
The state delay switched linear system (1) subject to exponential uncertainties can be expressed as:
The remainders of the Taylor series approximation , are given as follows:
The relation between the uncertain parameter () t  and the coordinates () j  is given by lemma 2.1.
Notice that the uncertain items
. Therefore one can write
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Remark 3.1: the describing and proof of lemma 3.1 is come from the same idea of literature [12] .
By the above analysis, switched dynamic model (3) is actually a switched polytopic system subject to an additive norm bounded uncertainty. As lemma 3.1 has showed, such a switched model can be used to represent the state delay switched system (1) . Therefore, stabilizing switched dynamic model (3) is equivalent to doing the system (1).
Our goal in this section, for the uncertain state delay switched linear system (3), is to investigate stabilization with H  disturbance attenuation level  via switched state feedback. It is stated as follows: for any given 0   , design a switching strategy () t  and N associated state feedback sub-controller ( )
such that the resulting closed-loop system (3) satisfies the following: a) With zero disturbance input condition 0   , it is asymptotically stable for all admissible uncertainties. b) With initial condition ( ) 0 ,
   and all admissible uncertainties. For disturbance attenuation performance of system (3), we have the following result. i  ¥ such that the following linear matrix inequality is satisfied for any
In this case, the state feedback sub-controller gain and switching strategy are taken as
, then the matrix inequality (13) is equivalent with the following matrix inequality 
Pro-multiplying and post-multiplying the matrix d ia g ( , , , , , , ) i P I I I I I I in left-side of matrix inequality (15) , the matrix inequality implies the following matrix inequality. 
In view of Lemma 2.2, the matrix inequality (16) is equivalent to the following inequality.
Consider the notations: (19) along with the trajectory of the closed-loop dynamic system (18) is given by International Journal of Control and Automation Vol. 8, No. 1 (2015) 418
By means of (11), we have
, 0 ]  that is generated by the switching strategy (14) .
For any 
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Hence under the action of switching strategy ( 
Robust H  Control via dynamic Output Feedback
In this section, the robust H  problem of state delay switched linear system (2) is investigated via switched output feedback. Before the design of switched stabilization controller, we firstly show how the system (2) can be expressed as a switched polytopic system with an additive norm bounded uncertainty. Such a formulation makes the robust stabilization problem tractable.
By Lemma 3.1, the following lemma is obvious.
Lemma 4.1:
The state delay switched linear system (2) subject to exponential uncertainties can be expressed as: is given by (7) and Lemma 2.1.
In view of the Lemma 4.1, switched dynamic model (20) is actually a switched polytopic system subject to norm bounded uncertainty. Furthermore, such a switched model can be used to represent the state delay switched linear system (2) . Therefore, stabilizing switched dynamic model (20) is equivalent to doing the system (2) . 
   and all admissible uncertainties. For system (20) , we are interested in constructing the form of the switched dynamic output-feedback controller as follows:
In this case, the resulting closed-loop system (20) with switched dynamic outputfeedback controller (21) is given by
Next, we give the sufficient conditions for existence of the switching strategy () t  and associated dynamic output feedback sub-controllers (21) such that the resulting closedloop system (22) The switching strategy () t  is given by
Proof: The matrix inequality (23) is transformed into the following matrix inequality. 
In view of Lemma 2.2, the matrix inequality (26) is equivalent to the following inequality. 
Consider the notations: along with the trajectory of the closed-loop dynamic system (22) is given by 
t P x t x t P x t x t P x t x t d P x t d x t A P P A A P P A P x t x t d A P x t x t P A x t d x t d A P x t x
be switching sequence in the interval [ 0 , ] T that is generated by the switching strategy (25). Noting that 1 ( ) 0 ( ) ( ) ( ) ( ) . Then by Lyapunov-like functions (28) and switching strategy (25) and , 1, 2 , ,
V x x t P x t x t P x t x t P x t x t d P x t d x t A P P A
Hence under the action of switching strategy () t  and associated dynamic output feedback sub-controllers (21), the state delay switched linear system (2) is asymptotically stabilization with H  disturbance attenuation level  via switched dynamic output feedback.
However, the matrix inequality (23) is not linear matrix inequality. Our goal in the following section, for the non-linear matrix inequality (23), is transformed into linear matrix inequalities by the so-called eliminate element method (a kind of classical technique in studying the H  control problem of a non-switched linear system). The matrix inequality (23) is transformed into the following matrix inequality. A A B and 0 1 i C , the above matrix is transformed into the following matrix. In summary, for disturbance attenuation performance of system (2), we have the following result. 
Step 3: To solve
Proof: The proof of Theorem 4.2 is obvious.
Numerical example
In this section, we use two examples to show the benefits effective of our results. 
It is evident that Example 1 and example 2 are neither of the designed controllers makes the associated subsystem asymptotically stable.
Conclusions
The robust H  control problem has been studied via switched state feedback and dynamic output feedback for state delay switched linear systems with exponential uncertainties by using Taylor series approximation, convex polytope technique and LMI method. Sufficient conditions are, by solving linear matrix inequalities, presented to realize the H  control design. How to design a switched controller and associated state feedback sub-controllers to improve the performance of uncertain discrete-time switched linear systems with state delay should be further studied in the future work.
